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E.vperlments were performed to evolve and evaluate a premixing-prevaporlzlng fuel system to be 
used with a catalytic combustor for possible application in an automotive gas turbine. Spatial 
fuel distribution and degree of vaporization were measured using Jet A fuel. Tliree tyiies of air- 
blast Injectors, an alr-assist nozzle and a simplex pressure atomizer were tested. Air swirlers 
with vane angles up to 30° were used to improve the spatial fuel distribution. Tlie work was done 
in a 12-cm (4.75-ln. ) diameter tubular rig. Test conditions were; a pressure of 0.3 and 
0.5 MPa (3 and 5 atm), inlet air temperatures up to 800 K (980° F), velocity of 20 m/sec 
(66 ft/sec) and fuel-air ratios of 0.01 and 0. 025. Uniform spatial fuel distributions that were 
withbi ±10 percent of tlie mean were obtained. Complete vapoi'ization of tlie fuel was acliieved 
with airblast configurations at inlet air temperatures of 550 K (530° F} and higher. Tlie total 
pressure loss was less than 0.5 percent for configurations without air swirlers and less than 
1 percent for configurations with a 30° vane angle air swirler. 
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AbSTR/iCX 

Experiments were purtormud to evolve end evolu- 
ute li pretnlxlntS'prevnporiiiliiR Fuel system to be used 
with 0 eutulytie combustor for possible opplleotlon 
In on automotive gos turbine. Spatial fuel distribu- 
tion and degree of vaporleutlon were measured using 
Jet A fuel, llireu types of ulrblast Injectors, un 
elr-asslst po^ele and a simplex pressure atomleer 
were tested, Air swlrlers With vane angles up to 30^^ 
were used to Improve the spatial fuel distribution. 
'Ihe work was done In a l2-cm (A. 75- In,} diameter tu- 
bular rig. test eondltlons were; a pressure of 0,J 
and 0.5 Mi'a (J and 5 atm). Inlet air temperatures up 
to sot) K (9S0“ F), vulseity of 20 m/eoe (66 ft/see) 
and fucl-alr ratios of 0,01 and 0,025. Unlfomi spa- 
tial fuel distributions that were wltliln d;10 percent 
of the mean were obtained. Complete vapbrlitntlon of 
the fuel was adilcved with airblaat configurations at 
Inlet air temperatures of 550 K ( 530 *^ F) and higher. 
Hie total pressure loss was less than 0,5 percent for 
configurations without air swlrlers and less than 
I percent for configurations with a 30° vane angle 
ale swlrlet. 

NOMEHCLATORE 

(f/e)v 

E degree of vaporisation « Yf/^)7+"(f/^ 

f/a fuel-air ratio 

(f/a) , fuel-air ratio determined by Inlet fuel 

flow divided by inlet airflow 

inlet pressure 

Inlet air temperature 

V probe velocity at inlet 

Vjj referunce velocity, velocity based on 

inlet pressure, inlet temperature, 
and the urea of the 12-cin (4. 75- In.) 
diameter duct 

w fuel flow through prohe 

w^ airflow through the probe at Isokinetic 

velocity 

w^ airflow through the probe 


Rubs crip to: 
loo Isoklneete 

i liquid 

p probe 

v vapor 

IfflRODUCnON 

the use of combustors with lean premlxed- 
prevapori^ed fuel-air mixtures has been sliown to have 
the potential to keep NOj^ levels low (1), Since NOjj 
is exponentially dependent on flame temperature, the 
use of a catalytic reaction lias the potontial to re- 
duce HOjj levels oven further by being able to com- 
pletely react the fuel at temperatures below the 
flammability limit. Catalysis evaluation work being 
done at Lewis us described in references 2 to A has 
utilised vaporized propane. This paper describes the 
effort to develop a liquid fuel preparation System to 
be used with the catalytic combustor.^ Unlfonn fuel 
distribution and complete vaporization are necessary 
for cutaiitlc combustors since the substrates are 
currently limited to temperatures below IRUO K 
(2700° F), thus rich cones or liquid drops burning 
off the substrate could dutiiage it, the development 
of auch a fuel system would also have application to 
premlxed-prevaporlzed combustors using jiomOgeneous 
combustion. 

Uatu on drop sire from various types of fuel 
Injectors and data on single droplet vaporlzutlon 
rates are plentiful. But only Ilmltud data has been 
published on spatial fuel distribution and vaporlsu- 
tloti rates of sprays. Such Information Is necessary 
for the development of a premlxlng-prevaporlziiig sys- 
tem for a gas turbine comhustor. Using a multiple- 
orifice contras tream Injector, vaporization rates of 
JP-5 sprays were measured In reference 5 and using a 
simple orifice contraocreara injector, Vaporization 
rates of isooctane sprays were measured in refer- 
ence 6. in reference 7 the spatial fuci distribution 
and degree of vaporization were meouured from simplex 
pressure atomizers using Isooctane and No. 2 fuel oil 
us the fuel, 

In this study spatial fuel distribution and 
vaporization data were taken with two types of air- 
blast Injectors, a simplex pressure atomizer and a 
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iucl liijcutiiri Air uwlflciro wltli vtmo ati- 
iglas up to won' usot] tu Itiiprovo tlio spatial i’uoL 
Ulstributlun. lost ouiuUtlups woro: liilot air pros- 

oute, 0,J and O.S Ml'a (1 utid 5 utm)5 rci'oronco voloo- 
Ity, ^0 iii/sm: (fiO ft/soo); luol-tilr ratios ul 0.01 
mid 0.025; and a.r inloc touporaturou I'runi A50 K 
(330“ y) to 300 K (!!80“ I'). Tim fuol was Jot A. 

APPAKAIUS AND PK0O2DURE 

Toot RIk 


liiil iiHli-Krtuioo tiii.ll liiloetor , lido liijootor wuti 
dovolapod liy Inisobu (b) and la sliuwti lu iiguro A, a 
akutcli aliowliig tho principal loaturoa u£ tlio injoctnr 
lu utiawii In llisura 4{u). Biel la Injected tliraus'Ji 
urlt'leoa Into three gruoveJ purtlons of the nouale. 
The fuel nplaahes over the Upu o'i each of the three 
greevea and la ateiiilted by the airflow. Cenfigura* 
tlona used with the aplaah- ‘d'oove injector euiiuloted 
of 10.2 cm (4 In.) (fig. 4(b)) and 2.4 cm (j In.) 
(fig. 4(c)) InletB, mid the uae of air awlrlere 
(fig. 4(d)). 


figure I la a nelicitiatlc of the tent rig. The 
alrfluw rate was measured with a aquare-edged orifice, 
the air was heated up tu 300 K (030° F) in a noiwi ti- 
nting preheater, the fuel flow was ..le>aaured by two 
turbine flowiuetera in aeries . A temperature and 
preaaure nieuaure>mmit was taken upstream of the fuel 
injector, the duct diameter wan 10.2 cm (4.0 In.) 
upatroum of the Injecto" and 12 cm (4.23 In.) down- 
atreaui. A 2 .O-cin (J.O-ln.) diameter Inlet uectlon 
was Inserted upstream of the Injector to Increase the 
air Velocity which Improves fuel atomleation. A dif- 
fuser was then Inserted downstream of the injector. 

Two sample collecting probes, 90° apart, were 
located 35.4 cm (14.0 In.) downstream of the fuel In- 
jector to sBisple tile fuel-atr mlKtore. rlie fuel-air 
ratio was deteriuined by passing tlie mixture sample 
over a catalyst heated in an oven to 1030 K (1400° F) 
and then unalyxlng the products of eumbustlon for 
carbon monoxide, carbon dioxide and mibumed hydro- 
carbons. Carbon monoxide and carbon dioxide concen- 
trations were measured on becknian nondlsperslve In- 
frared anolycers and unhsirned hydrocarbon concentra- 
tfons ware measured on a Beckman Flume lonluatlon 
Detector. Hie amount of utiburned hydrocarbons and 
carbon monoxide measured was negligible because mix- 
ture rat' as were ahi-uya very lean. A temperature and 
pressure meusurement was also taken at the 3S.b-cm 
(14.0-ln.) downstream station. The luel-alr mixture 
was enriched wltll liydrogen and burned downstream of 
the sampling probes. Water was Injected to cool the 
exhaust products and a back pressure valve was used 
to control the rig pressure. 

In teeters 

Five fuel Injectors were evaluated. They were 
d sailtiple-Jet contrustraam Injector, a oiultlplc-Jet 
cross-stream Injector, a splash-groove Injector, a 
simplex pressure atomizer, and on alr-usslst atomizer. 
The first three types of injectors are alrblast atom- 
izers; thst Is, they rely on tlie relative velocity 
between fuel and air for atoinfzatlon. Tlie simplex 
pressure atomizer relies on fuel pressure for atom- 
ization. ‘file tilr assist was a Hartman whlscle-type 
that depends on a high velocity extarnai ulrstreum 
for utomlzatlon. 

Multiple-Jet Injector . TVo inultiple-Jet injec- 
tors ate shown In figures Z and 3. Figure 2 showa 
on Injector where the fuel was Injected contrast ream 
from eight orifices. Uic diameter of the otlflets 
was 0.23 mm (O.OlO In.) In diameter and the radial 
locution could be varied. The multiple-jet cross- 
stream Injector Is shown In figure 3. lV.cnty-elglit 
orifices of 0.32 mm (O.O’/S in.) diameter were lo- 
cated so that each of the 28 orifices injects fuel 
into a space of approximately iqual area. Larger 
diameters were used since the penetration was not im- 
portant and the 0.25-mm (0.010-in.) diameter orifices 
would plug due to carbon buildup. 


Simplex nrensnre attwilzer . The sliiiplex nozzle 
used Was a Monurth 0,013 m3/hr (3.5 gul/hr), hollow 
cone spray, with a 20° cone angle. Configurations 
cei'ted consisted of 10,2 cm (4 In.) inlet (fig. 3(a)), 
2.6 Cm (3 in,) Inlet (fig, 5(b)), Insertion Of air 
swirlers upstream (fig. 5(c)) and spraying the fuel 
contras tream (lTg„ 5(d)) us compared to the previous 
eonflguratlons In whlcli the fuel was sprayed costreutu. 
Tlie air swlrlor was located upstream of the nuzzle so 
that when the fuel was sprayed eontrastream there 
would not be liquid fuel Impinging on the swlrler. 

Sontcore nozzle . The air-ass 1st nozzle was a 
liartman whistle-type that Is produced commercially by 
Sonic Development Corporation. TliC particular nozzle 
used was a Sonlcoro I‘/N 125 H-A ‘ihia nozs<te (wee 
fig. 6) uses an external air supply which provides a 
high velocity alrstreatii for atomizing. As the ulr- 
streum impinges Upon the resonator cup, It produces 
strong local shock waves In the space between tlie 
ilozzlu and cop. Fuel is pumped or sucked Into the 
alrstream and the result Is a cone-shaped spray pat- 
tern of finely atomized droplets. The external air- 
stream hud a supply pressure of O.SS m*o (5.3 atm). 
Configurations tested consisted of a 2.6-cm (3.0-ln.) 
inlet wltll and without the use of air swirlers. 

Data Analysis 


Tlie sample collecting probes were used to deter- 
mine the spatial fuol distribution and the degree of 
vaporization, 

.Snatlal fuel distribution . The spatial fuel 
distribution was found by traversing the sample probe 
across the diameter of the duct. The fuel-ulr ratio 
was sampled Isokinetically (at seven points) acloss 
the diameter of the duct with each probe. The fuel- 
ulr ratio In the plot Is normalized using the fucT-air 
ratio determined from the Inlet fuel flow divided by 
the inlet airflow. 


Vatiiirlzatlon data . The degree of vaporization 
was determined by the spillover technique (3). Ihls 
technique consists of varying the velocity through 
the probe above and below tile Isokinetic velocity and 
determining the degree of vaporization by the change 
In fuel-alr ratio through the probe. The following 
analysis was used (see NOMEMCLATURE) ! 


(f) .fi) + Hi , ra.,:!v 
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if the degree of vaporization is uniform In the vi- 
cinity of the probe, then the vapor fuel-alr ratio 
through the probe does not -rury with velocity through 
the probe; that Is 
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thu tuol-air riitlo through thw probe wou miriiioUitotl 
by the luul-iilr ratio ilototmLiiotl by tbo inli t fuel 
flow ctlvlclcU by tlio Inlet alrtlow. 
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Flfuru 7 la a typical plot. The dogrou of vaporlKu- 
tton la O.yiii that la, bit percent of the fuel haa 
vaporlleetl , 
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file apatlal fuel dlatributlon, degree ot vafiur- 
iKUtloi), and preaaure drop datu will be dlueitaaed for 
the Injector conflguratlotib' teated. Uota wap taken 
at the following teat condltluna! Inlet air tenper- 
atuee, CCO 1( {6;!0“ F), inlet air preaaure, O.j and 
0.5 Ufa (3 and S atiii); relerence velocity, 20 iti/see 
(66 ft/aee)i tmd I’uel-alr ratioa of O.OlO and 0.025. 
If a aatiafuctory apatial fuel dlutrlbutloli was ob- 
tained, the Inlet temperature wua ralaed to BOO K 
(‘J8U° f) (facility maxlmuiit) with tlie other cuiuUtiona 
the aanie. Lower Inlet temperatures were used to ob- 
tain vapurlautioii data. 

Snatiiil Fuel Ota trtbution 

Hultlple-let InlecturH . 'Ibe apatlul fuel dis- 
tribution obtained with the multiple-jet eontraatream 
fuel Injector (ffg, 2) is ahown in Ugure 8. W'th 
the radial injection l.P cm from the wall (68 percent 
of the radius) tlie profile waa center peaked. Moving 
the radial Injection point to l.J cia from wall (78 
percent of the radius) improved the dlatrlhution aig- 
ntftcantiy. Oecreaaliig the distance fruiii the wall to 
0.95 ciu (mi percent of Che radius) only slightly Im- 
proved the distribution. At the radial Injection 
distance of 1,2 and 0.95 cm tlie fuel diatrlbutlon is 
within ±20 percent of tlie average. 


In figure 9 the spatial luel distribution ob- 
tained with tbe multiple- jet cross-stream fuel .njec- 
tor (fig. 3) Is presented. Nearly uniform distribu- 
tion wuB obtained, local values ot tuel-air ratio 
were within ±10 percent of the average Value. 
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The liilxlng length >(U3 reduced Ire* i'j.A cm (15.5 
In.) to 25 cm (9.9 In.) and Llie luel diutrlbiition ob- 
taltied ie plotted lii figure 9(6). 'Ihe discrlbutlan 
was iiot as iitilloriii as that ubtaliied using the lunger 
Iciigtli but still ultliln ±15 percent of the average. 

tiiihmli-nroove I’nel liilettnr . 'llie spatliil fuel 
distribution tor the splilsh-groovu luel Injector In 
ahown In llgutc 10. ilie prufllu obtained <i8litg thu 
U'Ciii (A.75-1II.) Inlet diameter was very fuel rich In 
the center. Keduelng the Inlet diameter to /.6 cm 
(3,0 lii.) caproved the |iroflle signU'lcaiitly. The 
prof lie became nearly uni funs, wUhln ±f0 percent, 
when a 15^ vane angle air swlrler was uUded. tnereas- 
lllg the vane angle to 30“ also reaultcd In tuel-atr 
dlstrlbutloiiu within ±10 percent ot the average value 
(tice llg. 10 (b)). 

Stmiilex iiressnru atoinlaer . 'Ibe spatial luel dlfi- 
trlbutten lor tbo simplex pressure atvmliser is shown 
In figure 11. The penetration ot tlie fuel into the 
ulrstreuni was umatl since the fuel distribution was 
eeiitcr peaked at the Celidltloiis tested and when an 
atr swlrler was not used. In contrast with the 
splash-groove results, the distribution was approxi- 
mately tbe suaie with a 10,2 cm (?<.0 In,) and 7,6 cm 
(J.U 111.) Inlet. At tbe lower Inlet air cemperiituie 
of 45u K (35o“ l’)» tbe penetration was even less, 
tbe literease in air density with teniperature seems to 
have a greater el feet on peiietratlon than the in- 
creased pressure drop across Che noeale (fuel pres- 
sure drop Increases tiecauso the airflow lias to in- 
crease to ttisliitaln the satse velocity at the lower In- 
let air temperature and thus fuel flow has to iiierease 
tu iiialntalii the same fuel-ulr ratio). 

Adding a 30“ vane angle air swlrler resulted In 
a mure unllorm profile (see fig. 11 (a)), Tlie dlatrl- 
butloii was within ±1S percent of the average except 
there remained one quadrant In whidi the fuel-air 
ratio was high at the wall, 'this effect Was mure 
pronounced when a 15“ vane angle air swlrler was used. 
As the swlrler was rotated the lucation of this rich 
eotie would rotute. Only thu luel tube was unsymmet- 
rlcal and there snay have been some liiteraetlon between 
the swlrler and fuel tube. 


original 

OP POOR 


Npraylng the fuel upstream or contrastream the 
profile BUS nearly uall’oru! (within ±10 percent of the 
average) using *1 swlrler with 30“ vane angles (see 
fig, U(h}). The profile was still center peaked with 
the use of a lo“ Vane angle air swlrler. The rich 
eone which was present when the fuel was sprayed co- 
sfream was not present with upstream Injection. 

ii elite ore fuel iniector . Tile Sunlcere foci Injec- 
tor also had a center peaked fuel profile (see fig. 

12) with the configuration (fig- 6) tested wltliout 
an air swlrler. With the addition of ii 9“ vane angle 
iilr swlrler, the profile Improved but was not symmet- 
rical. Since the only thing that was not symiietrical 
was Che fuel tube und air-usslst Cube, there iLiust have 
been interaction between the tulies and the swlrler. 

Tlie profile improved when the swlrler blade angle was 
Increased to 12“ and the fuel-air distribution was 
within ±10 percent ol the average when a 30“ vane 
angle air swlrler was used. 


the mixing length was decreased from 35.6 cm 
(l^.O In.) to 26 cifi (9.5 In.) und the results are pre- 
sented In ilgure 12(b). Ttie fuel-air distribution was 
within ±15 percent of the average with a 26-cm mixing 
length. 
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ty.iilliU'llil l>i»Eill 

'tliu lit vuporleutimi wau ulUt 

Uiu Lj|ilHi«Vijf ti'Llmlijiui!. 'Hit.- nitKuuiti'i'iiv'iUo wii'ti' tiiUii'yi 
ILii Lliy t't'iltyf ot llif iluet miJ Lliy Iniyctote Wffi' 

tt'Ott'iJ wtUumt uir butrUirei . 

thf iliigiri'c Ot vjiwiaatliiiH uu u iuiiet!i*ii n{ in- 
ly C air Lamnsrutnri:' lu ishu'U'iii in ligiiry I'i Inr tliy 
Bultliile-jL’t tfiiUD-ati’iiiiis liijL'L'tiuri tliii’ [iitlauli-tjtisiiVi-' 
injuttur, tliy Jjoiiltnve anJ thn otiii|>U"S 

aly. itic uiultIt>U'-lyt cruuu-tittiiaiii ailJ ulilaMh-gritu'Wit' 
iujyctora tsuvy tlir I^Il 5 Uyst itrrt'tnt vapisrlzatii'il i’lytil, 
tyllcwi'd Uy tlic Stsyilaiire aiiJ tlyyu the uiI.™[tleK tiuaiile. 
At aai inlet nlr U'iyi|»erutiife ot 'jOO K 0iiO“ !•’) the 
pert'eyit ut fuel VajfdrtiitJ ijasi 'J‘> tisr the iiiultiple- Jet 
eMUii-atteani lit tor » 94 tor the uiilatih-j*, reeve, til 
tor the Btfyili'are, and hi tur thy tiluipton iwtisle. 

Calitulatliati >>t the iiiyeati drup iilae tiir tUe var£- 
eua injevtara ukeuld Indicate the rylatlve ratea ut 
littii vaperl^atidii. Drap vutoulatloitu wiite iwydi' 

tor the tollowlnis Inlet eouiUtIuiios tetortiici- velite- 
Ity at 20 m/iitsi ibO tt/atv), iitoaauri' uf O.S tlta 
(S ato) , inlet air teeperaturL' oi iUU K (aAO'’ t'3, 
ayid iuei-air ratio al 0>01, tor tiie airblaat injvi.'- 
iara (y'tultipla-jyt croBS-atreaw and aplaah-gruave) 
the Sauter ynyyin drop « 12 y «aa yaltiilatyd ualus', tine 
earrulattoiia at Nuklyaiiw-i'anatiawa las siveyi iy» 
ret. "J) to be (i9 uvit and trata toreiiaetta iind hutelsvre 
(10) ta be 71 ani. tor the alsuple!! preaMure ataimlaur 
the Sautet ytiean drop flli^e oun catoulated to be be- 
tveeyi bO and IDO siiiy tmirtK the eiiirrelationa given itl 
rei'erence 10. ttoliii;; the earrelotton plveit In reier- 
eitee 11 tor yy t;lniple:4 pteasute atamlaer the- iiaiiter 
irieau drop aiae' taaie m»t ta be 74 es'u. Data iraja the 
yiianutaeturer iiidlcateti tbe drop aiae of the Sitnlciire 
msaale tu be ieaa tban 20 ach 

'the vupariKatian data, heweve*r, teplleB that the 
airblaat conttgarutidiia Inyd the aBialleBt Initial drop 
aieea, A poaaibie eii|tiaiiattoii la that the cerreia- 
tlayia tor the airblaat Injeeteru were developed lor 
ataieapUeric air preauure and at u.d !-U'a (d atu) the 
drop alau aiay be ijineb Bsnailer. ttie drop aiaea oi the 
iiiiiylcore yiaaale may (yave been aiLiallev than the air- 
biaat injeetora and utlll had lower vaportaaLlDn 
r.'ytea. 'thla la hueauae the air tor the alr-aatlat 
uaa at ambleyit eundltiona and tiiua the drops were 
lyyltlally surrounded by air at a ‘I'uth lower tetipera- 
ture, 

Vaperiaation data fcae taken at presauro ievele 
el 0.3 and O.d Mi’a (3 and b attiy). In llgure 14 the 
degree oC vaporlnutlon UBlilii; the laulttple-Jet crofis- 
atteara injeetor is plotted against Inlet air temper- 
ature for the two preasureo. The vaporisation rates 
are higher at the higher pressuri'ii At an inlet air 
tetsypevature oi 450 K there was about 7 percent More 
fuel vaporised at the higher pressure, (ivldently, 
at these eoyidltlons, the etfect at higher heat trans- 
fer rates at the higlier |yreBsure Is gti-ater than the 
higher partial prraaures needed tor vaperisatlen. 

Pressure Drop 

At a reference velocity of 20 >a/aec, an inlet 
air tetyyperaturu of bOO to dOO K and an Inlet pressure 
of 0,5 ill’a (S ateii) , the preaaure drop frusn tile injee- 
tyjr tyj the sample probes was leas than U.5 percent ot 
the inlet total pressure for the injectors tested 
witlniut swirleru. Witli a J0“ air BWitler the pres- 


sure dtC'ii was appruHlyiiiytely I percent, tor aii uut<>« 
luetlve uppllcutlun it is desired to Iieip tl.e eiaeihus- 
tor tot'll pressure load below ') peteeiyt. A 2 pettellt 
pressure iuos lur llie eatalytlc ueiLloyt seeiiei lyi- 
praetleul (3), so a I percent pressure drop tur tlie 
liiel Inleetot would he iieteptaUle. 

CUfJCLliOibG hiiMAKKS 

l''nifon:'i spatial tuel dlutrlhuLiuU and a higly de- 
gree yjl VaporlSiil ton with aeeeptahle total prcasure 
luBs were uhtafyyed at llie eoiydltloyis tested. At ayi 
air inlet ttntr.erature of SJOU K, coal ilaiiie reaetlutia 
were observed. Advanced autuiiaitlve gas turhlile ey- 
cleu call lor Biueh higher euinhUHlor inlet Leeipera- 
turea and tlyua dwell tiue tiiiuy liave to he reduced Li< 
prevent autolgniliun i»l the fuel, lor a eatulvtle 
cuniihULiitor unltorm velucity prollles wuuid yylso he 
nefeaaiiry. Velocity ytieauurewentB Were not uiutle* in 
thin sttidy. hununl'lcirfii Velocity prolllea Would he 
very likely to occur wiUt conflgurattoua uuing air 
uwirlers, especially aa tho vaportoer length is 
alter ti ned ■ 

gu'iiimary »>! KoHulta 

Several tool Injectors Were teate-d tor spatial 
luel-alr diatrlbyitlon, derree ot luel vaporiaed. and 
total pressure drop. The laultlple-Jet eruoa-atrearu 
luel lyjjettor with 2d dlatrlhule*d luel injectioyi lo- 
Catiuns and a mixing leyigtU ui ly.A cyii (15.5 in.) 
gave the beat resultu. I'ucl-alr apatlal dlytrihtj- 
Llotij that Were uithiyi ±10 percent ut the iiiear were 
obtaiiied, lOO percent of the fuel viui vaporir 1' at uu 
inlet ait Leynpcratule ol hOO K (ti20‘* f) , and .lie 
pressure wau lesa than 0.5 percent, A imiltlple-jet 
ciiiittaatteuny fuel Injector with eight luel injeetltiti 
Ujcattonii ayid a rtslxer leytg*th ui 3V.4 era (15,5 in.) 
had opatial luel-air dlisttlbuttons within ±20 percent 
ui the mean. 

With the splaBh-gtouve, Sunlcyste aiyd slytiplest 
Inti Injeeturs the i'ucl was lyyjeeted trum the center 
of the duct and center peaked protllea were abtuined. 
'the use t»i air swlrlcra luspruved the ubiKiiyg no that 
fuel-air spatial dlatrlbutions that were wltlyln ±10 
pereeiit of the laeun Were uhtalned. '(he n i , leyigtha 
were 33 cs:l (13.0 In.) tor the SplUBh- gr eta 

(14.0 In.) lor the Soul core and J3.I on (i i.ei iry.) 
iar the simples. The use oi air awirlera ... nat de- 
sired tor a catalytic cetiibustor, huwever, aince nayy- 
unltom velocity prufllea reault. especially ao the 
miser leyygth in decreuaei. The USe of a iO*’ Vane an- 
gle air awlrler ulau Increased thu presaure drop iruia 
O.S to 1.0 percent. Ol these Injectors tile splash- 
gruave gave tiic best vaparliiittleit reuulta (100 percent 
ot the luel vapurleed ut an inlet air teraperature of 
too h (b20“ 1')) and the alutples the pooreut (bO per- 
cent at (lOO K. Tlu! Sonicore Viiporiiiatiuyi reauito 
(‘Sh percent at bOo ti) would have becyi better it the 
utr tor the rilr-aaslat would have been preheated 
rather than at ayablent temperature. 
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Ffgure L - Rig schematic. IDimensiHns in cm fin. > 








Figure A, - Splash-groove fuel injector. 
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RADIAL DISTANCE, cm 



(a) VARIOUS CONFIGURATIONS. Tip - 600 K (62QP F) 
f/a= 0.010. 
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O f/a vO.OlO. T|n « 600 K (62CP F) 
A f/a ■ 0.025, T,n - 600 K (620P F) 
O f/a =0.010, T|n = 800K (980P F) 


FUEL-AIR RATIO, LOCAL/MEAN 


(b) 7.6 cm INLET, 30P VANE ANGLE AIR SWIRLfR, SEE 
FIG. 4(d). 


Figure 10. - Spatial fuel distribution, splash-groove ,uel injector. 



tb) CONTRASTREAM INJECTION (SEE FIG. 5(dn 
Tjn “ 600 K (620° F). 

Figure 11. - Spatial fuel distribution, simplex pressure atomizer. 



RADIAL DISTANCE, cm 




(b) MIXING LENGTH = 24 cm (9. 5 in. ) Tjr, - 800 K {980° F), Pjn • 
a 3 MPa (3 atm), 30° vane angle air swirler. 


Figure 12. - Spatial fuel distribution, sonicore fuel nozzle, see 
fig. 6. 
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O MULTlPL£“JEr CROSS-STREAM 
INJECTOR tSEEFIG. 31 
A SPLASH-GROOVE INJECTOR WITHOUT 
SWIRLER (SEE FIG. 4(0) 

^ SONICORE NOZZt£ WITHOUT SWIRLER 
(SEE FIG. 6) 

v> SIMPLEX NOZZLE WITHOUT SWIRLER 
(SEE FIG. 5(b» 



INLETAIRTEMPERATURE, K 


Figure 13. - Effect of inlet air temperature on 
degree of vaporization for various fuel In- 
jectors. Vaporization length nominally 
36 cm. Vr - 20 m/s (66 ft/s), P|„ = 0.5 MPa 
(5 atm). f/a“ 0.010. 



Figure 14. - Effect of inlet air temperature on 
degree of vaporization for the multiple-jet 
cross-stream injector at 0.3 MPa (3 atm) 
and 0.5 MPa (5 atm). Vaporization length = 
29.3 cm, Vr “20 m/s, f/a “0.010. 
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